The density and electrical conductivity of molten (2 K, Fe) Cl 2 , (2 K, Co) Cl 2 and (2 K, Ni) Cl 2 have been investigated. The density was measured by the maximum bubble pressure and dylatometric methods, the electrical conductivity by an AC technique. The molar volume and equivalent conductance were calculated.
Introduction
Chloride melts containing transition metals chlorides are in practical use. Also, molten salt mixtures containing such salts are good model liquids of ioniccovalent type interactions. Some thermodynamic properties of those mixtures were under investigation but transport ones were not. Density and electrical conductivity measurements can provide essential information about these salts.
Experimental

Preparatory
Potassium chloride was dried and purified in the usual way [1] . Ferrous chloride was prepared by the interaction of powdered iron with dried hydrogen chloride at 850 °C. At this temperature, FeCl 2 was vaporised and condensed in a cool zone. The salt obtained contained 99.8% pure product. NiCl 2 was produced from NiCl 2 • 6H 2 0. The product was dried under heating for a long time. Then it was treated by chlorine at 600°C and sublimated at 900-960°C in a quartz tube. CoCl 2 was prepared from CoCl 2 • 2 H 2 0. It was dehydrated by heating up to 200 °C.
Density
The density of ferrous chloride and its mixtures was investigated by the maximum bubble pressure method Reprint requests to Dr. A. A. Red'kin. [2] . The main part of the set-up is a quartz capillary with a conic end of 1 mm inner diameter, which is lowered into the melt with a micro-screw of low friction ( Figure 1 ). Working gas was helium. The gas pressure was measured with a U-type manometer placed into a thermostat. The level difference measurements were carried out with a cathetometer with 0.005 mm precision. The sample under investigation was placed into a glasscarbon crucible, and then the sealed cell was filled with working gas and heated. This technique needed a large amount of melt (about 25 ml) but allowed the electrical conductivity to be measured in the same device using an additional capillary (Figure 1) . The time of bubble creation was about 30 sec.
The density was calculated according to the formula (Fig. 4) was measured by the dylatometric method as described in [3] .
Specific Conductance
The specific conductance of ferrous chloride and its mixtures was measured in the cell for the density measurement using a quartz capillary. The constant of 0932-0784 / 97 / 0500-0386 $ 06.00 © -Verlag der Zeitschrift für Naturforschung, D-72072 Tübingen 
the capillary was about 200 cm" 1 . The electrodes were made of platinum wire. The investigation of CoCl 2 and its mixtures was conducted in a U-type quartz cell. All measurements were carried out at 10 kHz. The cell was calibrated using molten sodium chloride with data taken from [4] . The electrical conductance of (2K, Ni)Cl 2 containing more than 70 mol% of NiCl 2 was measured in a special cell [3] .
Results
Density
The measured densities as functions of temperature are well reproduced by a linear relationships, the coefficients of which are given in Table 1 .
In this work we repeated our previous measurements of the density of CoCl 2 , because there are differing results on this salt [5, 6] , whereby we improved the temperature dependence. The density of molten (2K, Fe)Cl 2 and (2K, Co)Cl 2 mixtures has been measured before by Burylev and Mil'man [5] . The data differ considerably. Note that the temperature coefficient (34.9 • 10 -4 g/cm 3 /grad) obtained by these authors for FeCl 2 is too great for ionic salts. Data on (2K, Co)Cl 2 have also been obtained by Takagi and Nakamura [6] . There are some differences (within 2%), but the isotherms presented in Fig. 5 show a very close trend. The molar volumes deviate positively from additivity for all three systems (Figs. 5, 6 ), which may result from a rearrangement of ions when mixing the pure salts. In mixtures with a common anion, divalent cations pull up more polarizable halide anions around themselves to form associates or complexes, whereby alkali cations are displaced into second coordination spheres, where they are arranged more loosely among those associates. The larger the alkali cation the freer it is and the larger the excess molar volume. The molar volume of mixtures of tran- sition metal chlorides with NaCl is close to additive [3] , while the systems measured in this work show excess molar volume because K + is larger than Na + .
Electrical Conductivity
The measured conductivities as functions of temperature were summarised by polynomials of the form y = c + dT+eT 2 , ohm" 
--
The coefficients c, d, e are listed in Table 2 . Representative conductivity isotherms are shown in Figure 7 . The equivalent conductances were calculated using our density data. Their temperature dependences were presented in exponential form
The coefficients x 0 and E are listed in the Table 2 , and typical isotherms are shown in Figure 8 . The validity of an empirical equation for non-ideal mixtures [8] describing the temperature and volume dependence of the specific conductance was tested. For molten chlorides it is:
where V = molar volume, cm 3 Table 3 . The thermodynamic data were taken from [9] . The difference is compatible with 
Conclusion
Our results show that the mixtures studied are nonideal.
